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,QWURGXFWLRQ
$SUHVVXUHVDIHW\YDOYH369LVDZLGHO\XVHGYDOYHWRRSHQDQGUHOLHYHH[FHVVSUHVVXUHWRSUHYHQWWKHSUHVVXUH
V\VWHP'HVSLWHGLIIHUHQW369VVSULQJORDGHG369LVZLGHO\XVHGLQPDQ\LQGXVWULDODSSOLFDWLRQVVXFKDVQXFOHDU
SRZHU SODQWV DQG JDV VWDWLRQ )LJ  VKRZV WKH FRQILJXUDWLRQ RI D FRPPRQ VSULQJ ORDGHG 369'XULQJ WKH LGHDO
RSHUDWLRQ WKHGLVFZLOOEHSRSSHGRIIDQGRYHUIOXLGZLOOEHYHQWHGRXWWRSURWHFW WKHYHVVHO LI WKHSUHVVXUHDW WKH
LQOHWH[FHHGVWKHVHWWLQJSUHVVXUH+RZHYHUWKHUHDOLW\LVWKDWSRSSLQJRIIRIVSULQJORDGHG369LVRIWHQLQVWDEOHDQG
XQUHOLDEOH)RULQVWDQFHWKHSRSSLQJRIIPD\EHWRRVORZWRH[FHVVSUHVVXUHUDSLGO\WKHSRSSLQJRIIPD\EHLQVWDEOH
WROHDGWRVHYHUHYLEUDWLRQRIWKHYDOYHDQGLWVFRQQHFWLRQ7KHUHKDVEHHQPXFKZRUNWREHGRQHWRLQYHVWLJDWHWKH
SRSSLQJRIIRIVSULQJORDGHG369V>@


)LJ6SULQJ/RDGHG6DIHW\9DOYH
5HFHQWO\ FRPSXWDWLRQDO IOXLG G\QDPLFV &)' PHWKRG KDV EHHQ SURYHQ WR EH D KHOSIXO IRU YDOYH DQDO\VLV
6LPXODWLRQVRIVDIHW\YDOYHVKDYHEHHQGHYHORSHG>@3UHYLRXVWHFKQLFDOWUDQVIHURIWKH&)'DSSURDFKHVWRWKH
YDOYHGHVLJQ\LHOGVPDQ\EHQHILWVHJLWEHFRPHVDYDLODEOHWRSUHGLFWIORZUDWHSUHVVXUHORVVHWFDWWKHGHVLJQVWDJH
+RZHYHUGXHWRWKHOLPLWRIWKH&)'VRIWZDUHOHYHODW WKDWWLPHWKHJHQHUDOPHWKRGXVHGWRLQYHVWLJDWHWKHIORZ
FKDUDFWHULVWLFVWKURXJKWKHVDIHW\YDOYHLVWRVWXG\WKHIORZDWVHYHUDOJLYHQOLIWVLHDWYDULRXVSRVLWLRQVWKHGLVF
PRYHVIURPFORVHGSRVLWLRQWRLWVIXOO\RSHQSRVLWLRQUDWKHUWKDQWRFRPSXWHWKHIORZILHOGLQDGRPDLQZKHUHWKH
GLVFFRPSRQHQWLVIUHHO\PRYLQJ0RUHRYHUFRQVLGHULQJWKHPRGHOLQJHIIRUWVDQGFRPSXWDWLRQDOUHVRXUFHVQHHGHG
WZR GLPHQVLRQDO UDWKHU WKDQ WKUHH GLPHQVLRQDO IORZ DQDO\VHV DUH XVXDOO\ XVHG WR VLPXODWH WKH IORZ ILHOG LQ WKH
SUHYLRXVUHVHDUFKHV$VDFRQVHTXHQFH IHZRIZRUNKDYHIRXQGDZD\LQWR'WUDQVLHQWPRGHO UHVHDUFKRI369
DORQJWRWKHFKDQJHRIWLPH
7RDGGUHVVWKHLVVXHPHQWLRQHGDERYHWKLVSDSHUIRFXVRQLQYHVWLJDWLQJWKHIORZFKDUDFWHULVWLFVDQGEHKDYLRURID
VSULQJ ORDGHG 369 LQ WKUHH GLPHQVLRQV E\ XVLQJ DQ DGYDQFHG &)' PHWKRG 7KH PRGHOLQJ WHFKQLTXHV VXFK DV
GRPDLQ GHFRPSRVLWLRQ PRYLQJ PHVK DQG WUDQVLHQW IORZ DUH FRQVLGHUHG 7KH UHVXOW FDQ EH XVHG WR REWDLQ DQ
XQGHUVWDQGLQJ RI VSULQJ ORDGHG 369 DQG XOWLPDWHO\ OHDG WR RSWLPL]DWLRQ RI WKH YDOYH JHRPHWU\ 0RUHRYHU WKH
VSHFLDOWHFKQLTXHVXVHGLQWKLVVWXG\PD\SURYLGHJXLGDQFHIRUIXWXUHUHVHDUFKHVRIFRPSOLFDWHGPRGHOZLWKPRYLQJ
PHVKWHFKQLTXH
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&)'DQDO\VLVRIVSULQJORDGHG369
2.1. Motion of the valve disc 
$VVWXGLHGLQRXUSUHYLRXVZRUN>@WKHPRWLRQRIWKHYDOYH'LVFLVGLFWDWHGE\DIRUFHEDODQFHDWDOOWLPHV
'HGXFHG IURP1HZWRQÿV VHFRQG ODZ WKH IROORZLQJ VHFRQGRUGHU RUGLQDU\ GLIIHUHQWLDO HTXDWLRQ FDQ EH XVHG WR
VLPXODWHWKHPRWLRQRIWKHYDOYHGLVF
y y y
flow spring disc fricmy F F G FZ      
ZKHUHWKHFRQVWDQWmLVWKHFRPELQHGPDVVRIDOOWKHPRYLQJHOHPHQWVLQFOXGLQJWKHGLVFGLVFKROGHUDQGVWHP y LV
WKHDFFHOHUDWLRQRI WKHFRPELQHGSDUWV LQ WKHPRYLQJGLUHFWLRQ\GLUHFWLRQ yspringF LV WKHVSULQJIRUFHDFWLQJRQ WKH
GLVFLQWKH\GLUHFWLRQ yflowF LVWKHIORZIRUFHYLVFRXVDQGIRUPGUDJDFWLQJRQWKHGLVFSDUWLQWKH\GLUHFWLRQ yfricF 
LVWKHIULFWLRQIRUFHLQGXFHGE\WKHVXUIDFHFRQWDFWDQGZ LVWKHFRQVWDQWZKLFKLVHTXDOWRDQGZKLOHYDOYH
GLVFPRYH XSZDUGV DQG GRZQZDUGV UHVSHFWLYHO\ 7KRXJK WKLV W\SH RI 369 FDQ EH RQO\PRXQWHG YHUWLFDOO\ WKH
FRPELQHGZHLJKWRIWKHPRYLQJSDUWVLVORZVRWKDWWKHJUDYLWDWLRQDOIRUFHWHUP discG LVQHJOHFWHG7KHWHUPRQWKH
OHIWKDQGVLGHRIWKHEDODQFHHTXDWLRQFDQEHGLVFUHWL]HGWRLQFOXGHDQH[SUHVVLRQIRUWKHYHORFLW\RIWKHGLVF
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%\FDOFXODWLQJWKHIOXLGLQGXFHGIRUFHDQGWKHVSULQJIRUFHH[SOLFLWO\DWDSUHYLRXVWLPHWKHQHZSRVLWLRQRIYDOYH
GLVFDIWHU W' WLPHFDQEHGHWHUPLQHGDQGXSGDWHG
2.2. Moving mesh method 
,Q WKH $16<6 &); WKH PHVK GHIRUPDWLRQ RSWLRQ DOORZV IRU WKH VSHFLILFDWLRQ RI WKH PRWLRQ RI QRGHV RQ D
ERXQGDU\XVLQJ&(/&);([SUHVVLRQ/DQJXDJH7KHXSGDWHRIWKHPHVKLVKDQGOHGDXWRPDWLFDOO\E\&);DWHDFK
WLPHVWHSEDVHGRQWKHDERYHPHQWLRQHGHTXDWLRQV)RUDQDUELWUDU\FRQWUROYROXPHZKRVHERXQGDU\LVPRYLQJWKH
LQWHJUDOIRUPRIWKHFRQVHUYDWLRQHTXDWLRQIRUDJHQHUDOVFDODURQWKHYROXPHFDQEHZULWWHQDV
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ZKHUH U LV WKH IOXLG GHQVLW\ LV WKH IORZ YHORFLW\ YHFWRU LV WKH JULG YHORFLW\ RI WKHPRYLQJPHVK* LV WKH
GLIIXVLRQFRHIILFLHQW SI LVWKHVRXUFHWHUPRII DQGUHSUHVHQWVWKHERXQGDU\RIWKHFRQWUROYROXPH7KLVHTXDWLRQ
LVVROYHGDWWKHVWDUWRIHDFKLWHUDWLRQRUWLPHVWHSIRUWUDQVLHQWVLPXODWLRQV
2.3. Turbulence model and grid generation 
7KH WUDQVLHQW IRUP RI WKH FRPSUHVVLEOH 5H\QROGV $YHUDJHG 1DYLHU 6WRNHV 5$16 HTXDWLRQV ZDV XVHG WR
VLPXODWHWKH'IORZ7XUEXOHQFHHIIHFWVZHUHPRGHOHGXVLQJDWZRHTXDWLRQN¦WUDQVSRUWPRGHO6WDQGDUGZDOO
IXQFWLRQVZHUHXVHGWRUHPRYHWKHQHHGWRJULGWKHERXQGDU\OD\HU,GHDODLUZDVXVHGDVWKHIORZPHGLXPDQGLGHDO
JDVSURSHUWLHVZHUHDVVXPHG$VIDUDVWKHPRYLQJJULGVLQ$16<6&);LVFRQFHUQHGWKHVWUXFWXUDOJULGVPXVWEH
JHQHUDWHG WRHQVXUHQRHOHPHQW LQFRQVWUXFWHGZLWKDQHJDWLYHYROXPHSRRUTXDOLW\ VKDSHRFFXUVDWHDFK LWHUDWLRQ
ZKLOHWKHYDOYHGLVFLVPRYLQJ7RWKLVHQGWKH''0VXFFHVVIXOO\DSSOLHGLQSUHYLRXVZRUNLVXWLOL]HG7KHSUHYLRXV
ZRUNLVH[WHQGHGE\GHFRPSRVLQJWKHZKROHGRPDLQLQWRVXEGRPDLQV)LJVKRZVWKHJULGPRGHORIWKHIRXU
VXEGRPDLQVDQGDOORIWKHPDUHPHVKHGZLWKDSXUHVWUXFWXUDOJULGKH[PHVKIRUDFFXUDWHVLPXODWLRQ


)LJ*ULG*HQHUDWLRQRIWKH7KUHH6XEGRPDLQV
2.4. Boundary conditions 
'LIIHUHQW IURPRXUSUHYLRXVZRUN WKHUH LVQRSUHVVXUHYHVVHO FRQQHFWHGZLWK WKH3697ZR W\SHVRISUHVVXUH
FRQGLWLRQVDUHGHILQHGDWWKHLQOHWWRPLPLFWKHG\QDPLFVSHUIRUPDQFHRIWKHYDOYH$VVKRZQLQ)LJWKHILUVWW\SH
LV D FRQVWDQW SUHVVXUH RI  VHW SUHVVXUH UHODWLYH SUHVVXUH   EDU DW WKH LQOHW WKH RWKHU W\SH LV D
PRQRWRQHGHFUHDVLQJSUHVVXUHGHFUHDVLQJIURPVHWSUHVVXUHWREDU7KHRXWOHWFRQGLWLRQLVVHWWREHRSHQZKLFK
DOORZVIORZLQERWKGLUHFWLRQV

         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)LJ7ZRW\SHVRISUHVVXUHFRQGLWLRQVJLYHQDWLQOHW
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5HVXOWVDQGGLVFXVVLRQ
3.1. Velocity and pressure distribution 
)LJXUHVWRVKRZWKH'IORZFRQGLWLRQVLQVLGHWKHYDOYHWKHVWUHDPOLQHSUHVVXUHGLVWULEXWLRQDQGWKHYHFWRU
SORWVRIWKHYHORFLW\ILHOGVLQWKHVHDWUHJLRQDWWLPHLQVWDQWRIVZKLOHWKHYDU\LQJSUHVVXUHLVJLYHQDWWKHLQOHW
,WFDQEHVHHQIURPWKHVHILJXUHVWKHDLUUDSLGO\DFFHOHUDWHVWKURXJKWKHVHDWUHJLRQGXHWRWKHYHU\QDUURZJDS,Q
WKHUHJLRQEHWZHHQWKHGLVFDQGDGMXVWLQJULQJWKHIORZDFFHOHUDWHVIXUWKHUWRWKHPD[LPXPYDOXHRIDSSUR[LPDWHO\
PV7KHUHFLUFXODWLRQ]RQHWKHQFDXVHVDUHGXFWLRQLQWKHHIIHFWLYHIORZDUHDDQGDULVHLQWKHYHORFLW\RIWKH
IOXLGZLWKFRQVHTXHQWLDOGURSLQSUHVVXUH$VWKHIORZPRYHVIURPWKHVHDWWRZDUGVWKHYDOYHH[LWIODQJHWKHPDLQ
IORZGLYHUJHVDQGLVGHIOHFWHGRXWZDUGWRZDUGWKHH[LW:KLOHRQWKHRSSRVLWHVLGHWKHIOXLGIORZVXSZDUGVGXHWR
WKH REVWUXFWLQJ YDOYH ERG\ DQG DV D UHVXOW D UHFLUFXODWLQJ IORZ LV IRUPHG LQVLGH RI WKH YDOYH ERG\ 'XH WR WKH
PXOWLSOH GLUHFWLRQ FKDQJHV D URWDWLQJ IORZ LV IRUPHG LQ WKH GRZQVWUHDP H[LW SDVVDJHZD\ 7KH FRUUHVSRQGLQJ
SUHVVXUHGLVWULEXWLRQDOVRUHYHDOVWKDWWKHPDLQSUHVVXUHGURSRFFXUVDWWKHVHDWUHJLRQ7KHFKDQJHVLQWKHGLVFOLIW
UHVXOWV LQ VLJQLILFDQW FKDQJHV LQ WKH IORZ SDUDPHWHUV DQG WKH IRUPDWLRQ RI UHFLUFXODWLRQ ]RQHV ZKLFK UHGXFH WKH
HIIHFWLYHIORZDUHDVWKXVDIIHFWLQJWKHSUHVVXUHGLVWULEXWLRQDQGWKHIRUFHRQWKHGLVF


)LJ6WUHDPOLQHWKURXJKWKH369DWV


)LJ3UHVVXUHDWWKHPLGGOHSODQHRIWKH369DWV
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
)LJ9HORFLW\YHFWRULQWKHVHDWFKDPEHUDWV
3.2. Disk motion and forces on the disc 
)LJXUHVDQGVKRZWKHGLDJUDPRIWKHGLVFOLIWDVDIXQFWLRQRIWLPHIRUWKHVKRUWWUDQVLHQWSURFHVV,WFDQEH
GHGXFHG WKDW WKH SRSSLQJ RII GXUDWLRQ LV GLIIHUHQW ZKHQ WKH VSULQJ VWLIIQHVV LV GLIIHUHQW )RU WKH VWLII VSULQJ RI
N  WKHYDOYHGLVFUDSLGO\SRSRIIZLWKLQDERXWPV WKHPD[LPXPOLIW LW UHDFKHV LVDERXWPP)RU WKH
VSULQJ VWLIIQHVV RI  WKH YDOYH WDNHV DERXW PV WR UHDFK LWVPD[LPXP OLIW RI PP DV WKH VSULQJ VWLIIQHVV
GHFUHDVHVWRWKRXJKWKHSUHGHILQHGVHDOLQJIRUFHLVVDPHWKHYDOYHFDQSRSRIIWKHLWVDOORZHGPD[LPXPOLIW
RIPPZKHQVHWSUHVVXUHLVJLYHQDWWKHLQOHWDQGWKHZKROHSRSSLQJRIIFRVWVPRUHWLPHWKDQRWKHUV,QDGGLWLRQ
LWFDQEHIRXQGWKDWZKHQVWLIIQHVVLVTXLWHVPDOO WKHUHLVQRUHIOHFWLRQRIGLVFOLIWZKLFKLVQRWUHDVRQDEOHDVWKH
JLYHQSUHVVXUHDWWKHLQOHWLVQRWTXLWHKLJKDVOLIWVKRXOGQRWEHYHU\ODUJHZKHQWKHRYHUSUHVVXUHLVOLWWOH
)LJXUHFRPSDUHV WKHYDOYHOLIWVZKHQYDU\LQJSUHVVXUHFRQGLWLRQ LVJLYHQDV WKH LQOHW ,WFDQEHVKRZQWKDWD
VWLIIHUVSULQJPDNHVWKHYDOYHWRSRSRIIWRDYHU\ORZOLIWRIQRKLJKHUWKDQPPZKLFKLVYHU\VLPLODUWRWKHOLIW
DVVKRZQ LQ)LJ7KHSRSSLQJRIIDQGUHFORVLQJ WRWDOO\ WDNHVDERXWVZKLFK OHDGV WRDQDSSUR[LPDWHEORZ
GRZQYDOXH RI :KLOH D VRIW VSULQJ LV XVHG WKH SRSSLQJRII WDNH D OLWWOH ORQJHU WLPH WKDQ WKDWZLWK FRQVWDQW
SUHVVXUH FRQGLWLRQ WKLV LV EHFDXVH WKH SUHVVXUH DW WKH LQOHW GHFUHDVHV GUDPDWLFDOO\ DQG FDQQRW SURYLGH DGHTXDWH
VRXUFHHQHUJ\WROLIWWKHYDOYHGLVF7KHYDOYHUHFORVHVDWDERXWVZKLFKOHDGVWRDQDSSUR[LPDWHEORZGRZQ
YDOXH RI  )URP DERXW V RQ WKH YDOYH GLVF UHPDLQV DW WKH ORZHVW OLIW SUHVHW DV DPLQLPXP EHFDXVH WKH
UHVXOWDQWIRUFHEHWZHHQVSULQJDQGIOXLGLVQHJDWLYH
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)LJ9DOYHOLIWDWFRQVWDQWSUHVVXUHFRQGLWLRQ
93 X.G. Song et al. /  Procedia Engineering  130 ( 2015 )  87 – 94 
       









7LPHV
/L
IW
P
P



. NJV
. NJV

)LJ9DOYHOLIWDWYDU\LQJSUHVVXUHFRQGLWLRQ
&RQFOXVLRQV
7KLV VWXG\ GHVFULEHV D &)' LQYHVWLJDWLRQ LQWR SRSSLQJ RII RI D VSULQJ ORDGHG 369ZLWK SUHGHILQHG SUHVVXUH
FRQGLWLRQVDWLQOHW7KHYDOYHG\QDPLFVDUHPRGHOHGXVLQJD'PRYLQJPHVK&)'DSSURDFKWRSUHGLFWWKHPDVV
IORZVDQGYDOYHGLVFIRUFHFRPELQHGZLWKDVLPSOHRQHGHJUHHRIIUHHGRPPRGHOIRUWKHGLVFWRGHWHUPLQHWKHYDOYH
UHVSRQVH GXULQJ WKH SRSSLQJ SURFHVV ,W KDV EHHQ YHULILHG WKDW WKH FRPELQHGPRGHO LV DEOH WR SUHGLFW WKHZKROH
SURFHVVRISRSSLQJRIIDVZHOODVWKHIORZFKDUDFWHULVWLFVDWHDFKWLPHLQVWDQWVDQGVSULQJVWLIIQHVVLVYHU\FUXFLDOIRU
WKHG\QDPLFVSHUIRUPDQFHGXULQJWKHSRSSLQJRIILWKDVVLJQLILFDQWHIIHFWQRWRQO\RQWKHPD[LPXPOLIWDQGRSHQ
WLPHEXWDOVR WKHVWDELOLW\RI WKHYDOYH7KLVPRGHO LVDGYDQFHG WKDQRXUSUHYLRXVPRGHOEHFDXVH LW FRQVLGHUV WKH
G\QDPLF IULFWLRQ HIIHFW EHWZHHQ WKH FRQWDFW VXUIDFHV DQG LW XVHV D VWUDLJKWIRUZDUG DVVXPSWLRQ WR UHSODFH WKH
FRPSXWDWLRQDOO\H[SHQVLYHSUHVVXUHYHVVHO7KHUHIRUHLWLVPRUHXVHIXOLQWKHIXUWKHULQYHVWLJDWLRQRIVSULQJORDGHG
369V+RZHYHUWKHPRGHOXVHGLQWKLVVWLOOQHJOHFWVWKHGDPSLQJHIIHFWRIWKHYDOYHVSULQJDVZHGLGLQRXUSUHYLRXV
ZRUNZKLFKVKRXOGEHLPSURYHGLQRXUIXWXUHZRUN
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